Results-The prevalence of hay fever was reduced (p<0O0001) among children of younger mothers, and those from larger families. The number of older siblings exerted a stronger independent effect than the number ofyounger siblings (p<0O001).
Design-Historical cohort study. Setting-Sheffield, UK. Subjects-1 765 children aged [11] [12] [13] [14] [15] [16] years for whom a history of neonatal infectious illness had been recorded systematically at 1 month of age. Methods-A history of hay fever and family structure was obtained by postal questionnaire; neonatal illness history was ascertained from health visitor records; 723 children underwent skin prick testing with mixed grass pollen extract. Results-The prevalence of hay fever was reduced (p<0O0001) among children of younger mothers, and those from larger families. The number of older siblings exerted a stronger independent effect than the number ofyounger siblings (p<0O001).
Infants breast fed exclusively during the first month were at higher risk (p<005) of subsequent hay fever, independent of demographic factors. Adolescents at high risk of hay fever by virtue of their family structure were more likely to be sensitised to grass pollen (p<0002) . No significant relations emerged between hay fever and infection in the first month of life, even among children born in June. Conclusions-The association ofhay fever with family structure is not due to reporting bias and reflects an environmental influence on allergic sensitisation. The effects of sibship size, birth order, and infant feeding are consistent with a protective influence of postnatal infection. The first month of life and the first postnatal exposure to allergen are not the critical periods during which this protective effect is determined. Children from large families are at reduced risk of developing hay fever,1 2 eczema,1 2 and allergic sensitisation to common aeroallergens.34
The observation that older siblings appear to exert a stronger protective effect than younger siblings1-3 led to speculation that infection acquired by household contact cSingle parent or parent still at school. dExcluded from the test for linear trend.
(11 423 children), and clerical searches by surname (2272 children), 13 695 (90°/O) were unambiguously traced in the Sheffield child development study birth registers. The computer matching was checked by clerical searches for 702 children, and only 7 (1%) were found to be incorrect. The analysis presented here is restricted to 11 765 children with a 1 month health visitor interview completed at age 24-37 days, ofwhom 7783 (66%)
were visited 28-33 days after birth.
SKIN PRICK TESTING
Children attending 14 schools underwent skin prick testing with extracts of mixed grass pollen, positive (1:999 histamine) and negative (saline) controls (Allergopharma, Germany). Tests were carried out by a single observer using 1 mm flanged lancets inserted vertically through the drops of test solution placed on the volar aspect of the forearm. The maximum and perpendicular weal diameters were recorded after 10 minutes and the mean diameter used in the analysis.
Among the children with fully linked data, 1386 were selected for the skin prick survey. Two groups, at 'high' and 'low' risk of doctor diagnosed hay fever were defined from a multiple logistic regression of the questionnaire data, including, as explanatory variables, position in the family and maternal age. Children from the 14 participating schools whose family structure placed them in the top 10% and bottom 25% of the risk distribution were contacted. The parents of 778 children (56%) gave consent and after two visits to each participating school, 723 children were tested (52%). Table 1 shows the relation between hay fever prevalence and family structure. Before adjustment for other factors, the prevalence declined with increasing number of older and younger siblings, and increased with wider birth spacing and increasing maternal age. The prevalence of seasonal non-infective rhinitis in the past year followed a very similar pattern, varying from 11 8% to 16-7% with increasing After adjustment for other factors, the effect of maternal youth was strengthened and was statistically highly significant. Both the number of older siblings and the number of younger siblings were inversely related to hay fever prevalence at a high degree of significance. The effect of older siblings was significantly (p<0 l00) more influential than the number of younger siblings, although both exerted an independent effect on hay fever prevalence. There was a trend towards a lower prevalence with closer birth spacing, but this was of only borderline significance (0 05<p<0 1) after adjustment for other factors. There was no independent effect of father's age after adjustment for mother's age. Table 1 also shows the association of hay fever with infant feeding and parental education. After adjustment for other factors, there was virtually no effect of parental education, but a significantly high prevalence of hay fever was observed among adolescents who had been exclusively breast fed during the first month of life, compared to bottle fed infants and those transferred from breast to bottle. FAMILY Table 2 shows the prevalence of hay fever in children with a documented personal or family history or infection in the first month of life. Overall, there was little effect of early infection on hay fever prevalence, and the only specific infection associated with a significant reduction in risk was thrush (13.7% v 16-7%, p=0.02). However, after adjustment for age, sex and the family structure variables in table 1, this association was no longer significant at the 5% level (adjusted odds ratio 0-85, 95% confidence interval 0-44 to 1.02).
The relation between hay fever and neonatal illness or family history of infection in the first month did not differ substantially in subgroups defined by the number of older siblings. There were no statistically significant interactions between these factors (p>0 1).
The analysis was further restricted to 960 children born in June, who therefore experienced their first exposure to grass pollen in the neonatal period. Two thirds of these children were placed outdoors for more than two hours each day during the first month of life. The prevalence of hay fever was almost the same among June births with a history of infection in the first month of life as among those without (table 2) .
SKIN PRICK RESPONSES
Among the 723 children who participated in the skin prick tests, 235 had been selected as a group at high risk of hay fever, and 488 formed the low risk group. Table 3 shows that the difference between these groups in reported hay fever prevalence (28% v 15%, p<0 0001) was closely matched by differences in the prevalence of skin prick positivity to grass pollen, Family structure, neonatal infection, and hayfever in adolescence as most of the children were born before a protective effect ofprolonged breast feeding was widely publicised in the late 1970s.14 Relations between family structure and reported hay fever were mirrored very closely by the corresponding variations in skin prick reactions to mixed grass pollen. Two other studies have reported inverse correlations between the prevalence of positive skin prick tests and sibship size4 or position in the household.3 Together, these observations argue strongly that the association of hay fever prevalence with family structure cannot be attributed to differential recognition, reporting, or diagnosis of symptoms, and probably reflects the distribution of the atopic phenotype. 5 Environmental influences on allergic sensitisation may operate before or after birth. The dominant effect of older siblings would be consistent with either a prenatal or a postnatal influence, but the independent effect of younger siblings suggests that postnatal child contact plays a protective role. The apparent protective effect of maternal youth, which also emerged in an earlier cohort,5 would be consistent with influences related to intrauterine development, although it may also reflect different patterns of child care by younger mothers. More detailed studies of allergic disease in relation to obstetric indices and patterns of interpersonal contact in young families are required to clarify the respective roles of the prenatal and postnatal environment in 'programming' allergic sensitisation. 15 The Sheffield child development study offered a rare, possibly unique, opportunity to test the effect of one specific programming influence: neonatal infection.8 This was a large, population based sample in which both neonatal illness and adolescent allergy were ascertained in a systematic manner. No evidence emerged to support the hypothesis that exposure to common infectious illnesses within the first month of life protects against subsequent allergic sensitisation through the preferential selection of Thl clones, even among children exposed at this time to their first dose of inhaled allergen.
Our findings contrast with a retrospective study of 212 Finnish 7 year olds which found a significant two-to threefold excess of physician diagnosed atopic disease or positive skin prick tests among children with a history of fever, gastrointestinal illness, or otitis media in infancy. 16 An important limitation of that study was the distant recall by parents of illnesses in the first year of life, whereas in ours, illnesses were recorded within a few days of the neonatal period. However, the information available in Sheffield was limited to parental recall of symptomatic illness in the baby and the family in the first month of life, when maternal antibodies acquired in utero persist in the neonatal circulation and may modulate the immunological response to infection.
Although programming effects from asymptomatic early infection cannot be excluded, our findings strongly suggest that the critical period during which sibling contact may influence allergic sensitisation extends well beyond the first month of life. Indeed, the neonatal period may be a protected window during which programming of this type does not occur. This would be consistent with the notion that a stable pattern of allergen specific IgE response may evolve over a number of years,17 in relation to repeated exposures to allergen. The process may take longer if allergen exposure is intermittent, as in the case of seasonal aeroallergens, offering multiple windows of opportunity for infection acquired from siblings and playmates to influence the cytokine environment of developing pollen specific T cell clones.
Further epidemiological studies embracing a longer period of child development are required to clarify the relations between postnatal child contact, infectious illness, and programming influences on allergic sensitisation, and to determine the scope for prophylactic intervention during critical periods in immunological development.
